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Figure 1. Comparison of the amino acid sequences of BAGRF proteins. A) The WRC domains of BAGRF and AtGRF1
proteins with the Cys3His zinc-finger motif. B) The QLQ domains of BAGRF and AtGRF1 proteins. AtGRF protein is
selected to show the similarity with BAGRF protein sequences.

Figure 2. Genome distribution and duplication analysis of Brachypodium GRF genes on chromosomes 1 to 5.
Red line shows segmental duplication between GRF3 and GRF6. The ruler represents values in megabases (Mb).
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Figure 3. Gene structure of Brachypodium GRF genes. Exons and introns are depicted by filled green boxes and single
lines, respectively. Intron phases 0, 1, and 2 are indicated by numbers 0, 1, and 2. Untranslated regions are displayed by
thick blue lines at both 5" and 3’ ends of each gene.

BdGRF5, BAGRF7, BAGRF8, and BAGRF10 with motif I, BAGRF8, and BAGRF10), and motif V (BAGRF3, BAGRF6,
motif I, motif ITI, and motif IV, whereas the least common and BAGRF9) were observed 5, 6, and 3 times, respectively.
motif type was identified in BAGRF2, including motif I In order to analyze the phylogenetic organization
and motif II. Motif III (in BAGRF5, BAGRF7, BAGRFS, of the GRF proteins in Brachypodium, 10 GRF proteins
and BAGRF10), motif IV (BdGRF1, BAGRF5, BAGRF7, were used with MEGA 5.1 based on the neighbor-joining
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Figure 4. The most conserved protein motifs in BAGRFs (motif I, motif II, motif III, motif IV, and motif V, respectively).
Each motif was represented in boxes with different colors: motif I, cyan; motif II, blue; motif III, red; motif IV, purple;

and motif V, yellow.

Table 2. The most conserved protein motifs in GRF protein sequences of Brachypodium. Bolded residues show WRC, QLQ, FFD, and

TQL domains, respectively.

Motif number Width Sequence Protein sequences

1 43 PEPGRCRRTDGKKWRCWREAIPDHKYCERHMHRGRNRSRKPVE
2 42 RVRCPFTAMQWQELEHQALIYKYMAAGVPVPTHLLIPIWKSFE

3 23 NVKQENKTLRPFFDEWPKERDNW

4 9 TQLSISIPM

5 19 EGAQNYPTLMGLATLCLDF

method (Figure 5). Accordingly, Brachypodium GRF
proteins could be classified into 2 main groups (I and II).
The main group I consisted of 6 GRF proteins (BAGRF1,
BdGRF2, BAGRF5, BAGRF7, BAGRF8, and BAGRF10),
whereas the main group II had 4 members (BAGRF3,
BdGRF4, BAGRF6, and BAGRF9). The highest bootstrap
value (100%) was observed in the main group II between
BdAGRF3 and BAGRF6.

To examine the phylogenetic relationship between
monocot and dicot GRF genes, Brachypodium, rice, maize,
and Arabidopsis GRF sequences were retrieved from
genome databases. Ten BAGRE 12 OsGRE 14 ZmGRE
and 9 AtGRF protein sequences were used for comparative
phylogenetic analysis (Figure 6). A total of 45 full-length

protein sequences of GRF from monocot and dicot
plant species were divided into 2 main groups, including
subgroups named A, B, C, D, E, F, and G. In the comparative
phylogenetic tree, subgroups A and F consisted of monocot
species, whereas subgroups D and E had only dicot species.
Notably, monocot (Brachypodium, maize, and rice) and
dicot (Arabidopsis) GRF proteins were clustered together
in subgroups B, C, and G. The highest number of BAGRFs
were observed in subgroup C with 3 members (BAGRF1,
2, and 4), while the lowest was in subgroup F including
only 1 member (BAGRF9). BAGRF1 protein showed
maximum similarity with maize at a 94% bootstrap value
in subgroup C. Interestingly, a Brachypodium internal clade
was observed between BAGRF3 and BAGRF6 with 57%
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